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Illinois Mathematics & Science Academy
• IMSA is a pubic residential STEM school 
in Aurora for about 650 diverse 10th –
12th grade students
• Part of the higher education budget, 
admission is highly competitive (average 
SAT is 1350)
• 100% of students matriculate to top 
tier universities
• Classes are Inquiry-Based: Perform 
activities that allow students to apply the 
scientific method to LEARN new concepts in a 
SEMI-guided way
The Forensic case 
oF The sick alien 
From Plymyss
2019 Intersession
1:00 – 4:00 PM
Monday – Friday
Intersession (?)
• Intersession is offered the week before the start of the Spring 
semester, i.e. January
• Intersession is a week long learning opportunity offered by faculty, 
staff, students, alumni, and outside guests.
• Courses range from special math and science topics to cultural 
studies to off-campus educational trips and everything in between.
• The idea is to allow students to explore areas of interest outside 
the typical IMSA curriculum. 
< Student attendance is mandatory >
Intersession Syllabus
• Monday
• Introduction – Meet/Greet
• Software - Install & Review 
Use
• Tuesday
• Review Problem
• Review Molecular Motion
• Calculate water vibrational 
spectrum
• Review Functional Groups & 
Absorption
• Show FTIR
• Wednesday
• Work on Evidence
• 1-2 hour window for FTIR
• Thursday
• Work on Evidence
• 1-2 hour window for FTIR
• Friday
• Teams Present Conclusions
• Feedback
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What the Goal? (Teacher’s View)
• Draw molecules, Determine properties, and Calculate IR spectra 
Using Molecular Modeling Software
• Collect experimental IR spectrum
• Characterize molecular functional groups and identify them in an IR 
spectrum
• Present the learning as a practical activity, e.g. medical 
investigation
Emphasize the benefits of integrating modeling and experimental 
methods to solve practical problems
What’s The Goal? (Student’s View)
• Working in teams, analyze unknown secretions gathered by medical personnel 
attending to Ind. Martin.
• Using an infrared (IR) spectrometer, “take a spectrum” of your unknown.
• Using SPARTAN, a molecular modeling software, calculate the IR spectra of a list of 
potential chemicals.
• Identify your unknown compound by comparing your experimental spectrum with the 
calculational IR spectra.
• Your team will make a short presentation on the complete structural and chemical 
evaluation of the evidence based on your work.
• The goal is to crack the case with this information – and a few clues – so you can 
propose a solution that allows the citizens of Plymyss to visit Earth safely.
SPARTAN Software
SEE - https://www.wavefun.com/education
Learning SPARTAN
• Building
• Rotating & Zooming
• Viewing Options
• Measuring
• Molecules
• Acrylonitrile (bonds)
• Cyclohexanone (3-D)
• Nicotine (enantiomer)
• Lewis Structures
Learning SPARTAN
• Hartree-Fock Energy
• Dipole Moment (vector)
• Atomic Charge
• Molecular Orbitals
• Molecular Surface
• Electrostatic
• Conformations
• Acetic Acid using dipole
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Vibrational Spectroscopy
• Go Over the Basics …
• Molecules Studied
• O2
• HCl
• H2O
• CO2
H2O
CO2
Vibrational Spectroscopy
• Review typical functional group IR absorptions
• Compare C=0 stretch for Acetone →
Acetophenone → 2,6 dimethylacetophenone
• 1-octyne
• C—H, C—C, C≡C stretch
• H—C—H and C—C—C bend
• Calculate IR spectra for Formic Acid & Acetic Acid
• Practice identifying peaks 
• Finding similarity and difference
Student Presentations
Oh no, what 
happened to Belldoor 
Zip Martin?!?!
By: Team Jacks

Acetone
Acetic Acid
Acetic Acid
Acetone
He drank acetone :(
IR Spectra - Unknown 3
Team Aces
Experimental Spectra
Qualities:
(a) Clear – Colorless
(b) Odor
Other suspect compounds
Propionic Acid
Benzoic Acid
Acetic Acid
Spartan Modeling and 
Calculations
Propanoic Acid
Japanese Graph vs Experimental Graph
Unknown #5
Vidhi Singh, Gloria Huang, Ruchi Patel, Prarthana Prashanth
Team “Unknown 5”


Diagnosis: Heptaldehyde
Unknown  8
BY: The Kings
Unknown 8 IR Spectra
Option 1 - Urea
● a colorless crystalline compound which is the main 
nitrogenous breakdown product of protein metabolism in 
mammals and is excreted in urine
● If your kidneys cannot  remove Urea from the blood 
normally.
● Can raise Blood Urea Nitrogen (BUN) indicating liver 
disease, malnutrition, and overhydration
Urea IR Spectra
Superimposed IR Spectra
Option 2 - Caffeine Background
● Mainly used to improve mental alertness
● If drank for a long period of time or in fairly high amounts, 
it can cause side effects like insomnia, restlessness, 
anxiety, stomach irritation, increased heart rates, nausea, 
vomiting, chest pain, and ringing in the ears
● If drank in extremely high amounts, it can cause irregular 
heartbeats and potentially death
Why Caffeine?
AMINE or 
AMIDE
Sp2 C-
H Aldehyde
Benzene 
Ring
Why Caffeine - Part 2
Benzene 
Ring
Amide
Sp2 carbon
Why Caffeine? - Part 3
Near-perfect amide matches
In Reality the unknown is 1,2 propanediol
THE
END
Thank You
Unknown 6 - 2-propanol
Team “nines”
4000             3500              3000               2500            2000                1500             1000

Reflection
• Exposure to modern experimental and calculational methods
• Student comments generally good…
• “liked working with molecules on screen”; “enjoyed interacting with 
the IR spectra in SPARTAN”; “HARD to learn how to build molecules”; 
“Let’s use the IR machine more”
• Really an INTRO to IR spectroscopy … you’d need more time 
to really analyze general IR spectra
• Presentation of Solution to Class
• Apply Experimental and Calculational data to problem solve
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